We studied at the ultrastructural level the presence of calcium and magnesium in the chromatoid body (CB) in mouse spermatids. In addition, the presence of these two cations was also examined in the nucleolus. By electron spectroscopic imaging (ESI) and electron energy loss spectroscopic (EELS) analyses on glutaraldehydelptimonate-fried material, we showed the association of pyroantimonate precipitate granules containing calcium and/or magnesium with the CB. The granules in both active (primary spermatocytes) and inactive (spermatids) nucleoli contain mainly calcium. Our
Introduction
The chromatoid body (CB) is a cytoplasmic organelle present only in spermatogenic cells. Its origin has been suggested to be either nuclear (Comings and Okada, 1972) or cytoplasmic (Fawcett et al., 1970; Sud, 1961) ; however, this is still a matter of speculation. The CB appears first in pachytene spermatocytes (Russell and Frank, 1978) . It is associated with the Golgi complex in early spermiogenesis and then disappears from the cytoplasm of elongated spermatids (see Parvinen et al., 1986) . The sequence of formation and disassembly of the CB has recently been studied by Andonov (1990) . In particular, this author described 80-nm granules, CB-associated microtubules, and ribbon-like structures as a part of the assembly-disassembly machinery of the CB.
The composition and function of the CB are not yet completely clarified. Previous reports indicated the presence of actin and RNA (Walt and Armbruster, 1984) , as well as of polysaccharides and proteins (Krimer and Esponda, 1980) , in this organelle. The CB has been shown to incorporate [ 3H]-uridine into spermatocytes and early spermatids after pulse-chase experiments. This label was found to be sensitive to alpha-amanitin and most probably represented previously synthesized hnRNA which then was relocated from the nucleus to the CB (Soderstrom, 1977 (Soderstrom, ,1981 Soderstrom and Parvinen, 1976) . In a recent study (Biggiogera et al., 1990) we demonstrated by immunoelectron microscopy snRNPs, hnRNPs, and ribosomal proteins within the CB. We have also demonstrated the presence of RNA and the absence of DNA by EM cytochemistry.
Recently, the presence of calcium was suggested in vesicle-like structures associated with CB after glutaraldehyde and osmium tetroxide fixation in the presence of potassium pyroantimonate (Andonov and Chaldakov, 1989), and a hypothesis has been formulated about a possible involvement of CaZ+ in the assembly-disassembly of microtubules related to CB (Andonov, 1990) . However, since the presence of pyroantimonate precipitate alone is not sufficient proof for the presence of a specific cation, we decided to analyze ultra-thin sections of mouse spermatids by electron energy loss spectroscopy (EELS) and electron spectroscopic imaging (ESI), to identify elements contributing to the formation of such precipitates. Our main attention was focused on the distribution of calcium and magnesium in the chromatoid body. Moreover, because nucleoli represent another easily recognizable structural component in unstained ultra-thin sections, we also examined the occurrence of these two cations in the nucleoli of primary spermatocytes and spermatids. 
Materials and Methods
Materials. Sexually mature mice (AIJ strain) were sacrificed by cervical dislocation and the testes immediately removed and fixed with 2% paraformaldehyde-0.2% glutaraldehyde in phosphate buffer (pH 7.4) for 1 hr at 4°C. Other samples were fixed in unbuffered aqueous solutions of 2.5% glutaraldehyde containing 2% K-pyroantimonate for 2 hr at room temperature (Andonov and Chaldakov, 1989 ). All the specimens were then dehydrated in ethanol and embedded in LR White resin (Agar; London, UK).
Ultra-thin sections (about 30 nm) were cut with a diamond knife and collected on copper grids (700 mesh) without membrane. About 20 CBs from different tissue blocks were examined.
Electron Spectroscopic Imaging. ESI and EELS were carried out on a Zeiss CEM 902 transmission electron microscope ( E M ) with an integrated electron energy filter according to Ottensmeyer (1984) . operating at 80 kV. Image analysis for mapping of calcium, magnesium, and antimony, after acquisition through a TV camera, were performed with an IBAS program (Kontron; Munich and Zeiss. Oberkochen. Germany), using a "two windowmethod" and power law calculation for the background evaluation (Egerton, 1986) . For this purpose images were obtained at different energy losses A E two windows for background evaluation and one edge window (with a 100-pm objective aperture and a window width of 10 eV). Net mapping images of the element (corrected for background contribution) were thus obtained. For Ca mapping. care was taken to choose adequate values for the background images since the CaLz.3 edge (346.4 eV) has background dominated by the tail of the carbon ionization edge CK (283.4 eV), an element abundant in biological material. The background windows were taken at AE = 332 eV and 342 eV and the Ca window at AE = 355 eV. For magnesium (MgK edge at 1305 eV) they were respectively AE = 1270 eV, 1280 eV and 1320 eV, and for antimony (Sb~4.1 edge at 527 eV) AE = 505 eV, 515 eV, and 600 eV.
Electron Energy Loss Spectroscopy. EELS analyses using the electron energy filter and a photomultiplier electron detector were carried out in two different modes. In the spectrum mode, an image of the spectrum in the energy dispersive plane of a specimen area with a diameter of approximately 40 nm was moved across the detector opening. In the image mode, a specimen area selected for analysis was adjusted CO the detector opening and the image intensity was recorded in function of the energy loss AE. This mode enabled the size of the measured specimen area to be chosen by means of the magnification.
Results
Unstained ultra-thin sections of testis tissue embedded in LR White exhibited sufficient contrast when observed at a zero energy loss mode (elastic scattering) (Figure la) . However. the contrast and overall topological information were considerably enhanced when only inelastically scattered electrons which had lost AE = 250 eV were used to form the image, owing to the low value of background oc- the ESI picture, the background is calculated using a power law routine applied between 327 and 346 eV. This shows that the procedure chosen for ESI analysis has decreased the influence of carbon to a minimum in the final image. Abscissa, electron energy loss in eV. Ordinate, number of electrons converted into pV unit. EELS measurement was performed in the spectrum mode; diameter of analyzed zone is 40 nm.
curring just before the carbon edge. Under conditions of inelastic scattering, the image exhibited inverted, darkfield-like contrast (Figure Ib) . The sections were sufficiently stable under the electron beam to allow elemental analysis with both ESI and EELS on the same CB. The majority of the CBs examined occurred in the Golgi (Steps 1-3 according to Oakberg, 1956) , cap (Steps 4-6). and acrosome-phase (Steps 7-9) spermatids. Pyroantimonate precipitates were observed either surrounding the organelle or within the lacunae or interstices in the CBs (Figure 1) . No difference in the distribution pattern of precipitates or in the elemental mapping was found among CBs belonging to spermatids in different maturation steps.
In Figure 1b a CB from a young spermatid is shown as observed at 250 eV. The CB and the surrounding granules are clearly visible. For comparison, the same area is presented at AE = 355 eV (Figure IC) , showing the calcium signal as well as the high background signal, the latter being due mainly to the presence of carbon. Subsequent background subtraction by ESI allowed visualization of the calcium signal alone. ESI analysis performed on such a cell demonstrated that these granules contain calcium (Figure 2) . Calcium was found neither in the CB itselfnor outside the pyroantimonate granules, As expected, the same granules contain antimony (not shown). ESI mapping on the same CB showed that a magnesium signal was also present (Figure 3 ), although only in some granules and regardless of whether or not they contained calcium.
EELS analysis confirmed the data obtained with ESI ( Figures  4a and 4b) . A distinct peak due to calcium was present within the granules, giving an ESI calcium contrast (Figure 4b) .
Magnesium was also detected in some of the granules by EELS only in the image mode, where the measured area had a diameter of at least 20 nm ( Figure 5 ). Ultra-thin sections cut from tissue fixed in the absence of pyroantimonate were also examined. Calcium could be localized by both ESI and EELS in the vicinity of the CB, but to a much lower extent. In the ESI analysis it could be visualized in a few discrete granulelike spots surrounding the CB (results not shown). EELS measurements (without the help of ESI localization) in the vicinity of the CB occasionally displayed a calcium signal. This suggests that calcium can indeed be lost during preparation of the specimen when the pyroantimonate reaction is omitted. Moreover, in the absence of osmium post-fixation and pyroantimonate treatment, the previously reported vesicle-like structures containing the granules are not visible (Andonov and Chaldakov, 1989) , thus making the localization of ions even more difficult.
In Figure 6a the main nucleolus from a midpachytene spermatocyte is shown. Deposits of pyroantimonate are visible at AE = 110 eV in the nucleoplasm, in the sex vesicle, and in the nucleolus itself. At AE = 250 eV (Figure 6b ) it is possible to see that the nucleolar area rich in precipitates corresponds to the dense fibrillar component. ESI analysis performed on a similar nucleolus showed that the majority of the precipitates observed at AE = 250 eV ( Figure  7a ) contained calcium (Figure 7b ), whereas only the largest one contained detectable amounts of magnesium (Figure 7c) . A comparable situation arose when the inactive nucleoli from round spermatids were considered. In Figure 7d a dense, spherical nucleolus from a cap-phase spermatid is shown. At AE = 250 eV, the precipitates are clearly visible not only at the periphery but also within the inactive nucleolus.
Discussion
Our results demonstrate the following points: (a) granules resulting from the pyroantimonate reaction contain calcium and/or magnesium and are associated with the CB. Some granules contain both elements, and others only one of them; (b) the granules are present in both active (primary spermatocytes) and inactive (spermatids) nucleoli, and they contain mainly calcium; and (c) in the absence of pyroantimonate fixation, only a few spots containing calcium can be localized by ESI and EELS.
The presence of calcium in association with the CB confirms the indications previously suggested by the report by Andonov and Chaldakov (1989) . These authors showed the occurrence of precipitate deposits within vesicle-like structures associated with the CB in rat spermatids by the K-pyroantimonate technique (Komnick, 1962) . However, this method can also be used to detect ions such as magnesium, chlorine, and sodium (for a review see Hayat, 1975) . The question therefore arises as to whether the pyroantimonate deposits detected in association with the CB do indeed contain calcium and whether they also contain other ions.
The simultaneous use of EELS and ESI confirmed the presence of calcium within the granules surrounding the CB. In addition, a small amount of magnesium was present in some of the granules, either in association with calcium or alone. The analytical results of the present study therefore provide additional evidence above the nonspecific nature of the pyroantimonate reaction, showing that although this is efficient in binding different cations, the occurrence of the reaction product itself cannot be considered an indication of a specific element.
Despite the fact that a number of studies on the CB have been carried out (see Guraya, 1987) . the possible function of this organelle still remains unclear (see Biggiogera et al., 1990; Parvinen et al., 1986) . The presence in the CB of polymerase 11-synthesized RNA (Soderstrom, 1981) after a pulse-chase experiment with isolated seminiferous tubules (Soderstrom and Parvinen, 1976) indicates that hnRNA accumulates in this organelle, where hnRNP proteins have also been observed (Biggiogera et al., 1990) . Recent findings using in situ hybridization techniques to demonstrate the occurrence of " A for a transition protein active in the late phases of spermiogenesis (Saunders et al., 1992) support the hypothesis of Parvinen et al. (1986) attributing to the CB a role in the storage of long-lived " As that may be involved in protein synthesis late in spermiogenesis when nuclear transcriptional activity no longer exists. The functional significance of calcium within the immediate area of the CB or within its internal interstices has previously been discussed in detail (Andonov and Chaldakov, 1989) . It is indeed possible that calcium ions accumulated in the CB region participate in the microtubule machinery associated with the CB in the late phases of spermiogenesis, when they are obviously involved in motility. The role of magnesium also remains a matter for speculation. Whether or not the Mg ions are associated with some Mg-dependent enzyme involved in the activity of the CB remains to be elucidated. Finally, we have been able to localize calcium in material that was not treated with K-pyroantimonate. The amount of detectable calcium in untreated specimens, however, is much lower than in pyroantimonate-fixed tissue. This fact underlines the need to use the K-pyroanthonate reaction to immobilize highly diffusible ions. However, since the technique itself is not specific for one type of ion (Hayat, 1975 ; and the present work), complementary analytical assays must be carried out to identify the elements occurring in the reaction product.
In the nucleus, pyroantimonate precipitates can be found as randomly distributed granules, with no specific association with nucleoplasmic structures. We have paid particular attention to nucleoli, which are easily recognizable even on very thin unstained sections. A previous report demonstrated the occurrence of pyroantimonate deposits in the dense fibrillar component of hepatocyte nucleoli (Stockert and Schuchner, 1972) . Midpachytene nucleoli, actively engaged in ribosomal RNA synthesis, display precipitates that contain mainly calcium, particularly in the same component. The presence of such precipitates is, however, not directly correlated with the nucleolar activity since, in the cap-phase spermatids, pyroantimonate deposits are also found within the dense, spherical residual nucleolus, in which the basic nucleolar functions have spontaneously ceased during the differentiation process.
In conclusion, our results unequivocally demonstrate the presence of significant amounts of calcium associated with the mouse CB. Further studies will be necessary to address the role played by Ca2+ cations during the lifespan of this still enigmatic organelle.
